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[0013], [0014], [0024], and [0025] 

[0013] Next, examples of n-type impurities to be used in the 3-5 group 
compound semiconductor include Si, Ge, Se, S, and O. Particularly, Si 
and Ge are preferable and Si is more preferable. Examples of p-type 
impurities to be used therein include Mg, Zn, Cd, Be, and Hg. 
Particularly, Mg and Zn are preferable and Mg is more preferable. 
Referring to a method for doping the above impurities, on condition that 
the vapor pressure can be controlled so that a simple substance itself of an 
impurity does not inhibit other molecular beams in a growth equipment 
when fabricating the 3-5 group compound semiconductor by GSMBE, the 
simple substance can be used as it is. In a case of employing MOVPE, 
by introducing the compound containing any of the aforementioned well 
known impurities into a reactor, a compound semiconductor in which the 
impurity is doped can be obtained. 

[0014] As an electrode material of the 3-5 group compound semiconductor 
according to the present invention, it is preferable to use an Au metal or an 
alloy of Au and at least one selected from a group consisting of Mg, Zn, Si, 
Ge, and Ni. As the alloy containing Au, an alloy of Au and at least one 
selected from a group consisting of Mg, Zn, Si, and Ge is more preferable. 
Examples of the alloy containing Au include an Au-Mg alloy, an Au-Zn 
alloy, an Au-Si alloy, an Au-Ge alloy, an Au-Ni alloy, and the like, and an 
Au-Mg alloy is particularly preferable. The aforementioned electrode 
materials are preferable since the electrode formed of such materials has a 
small contact resistance to the compound semiconductor in which the 




p-type impurity are doped. 

[0024] Embodiment 1 

A monocrystalline sapphire substrate, of which principal plane is 
an organically-cleaned C plane, is set on a susceptor formed of graphite 
and placed in a reactor of a MOVPE system. Next, the susceptor is 
heated to a temperature of 1100 °C by high-frequency heating in a 
hydrogen atmosphere at atmospheric pressure, and the sapphire substrate 
is kept in the above state for 10 minutes so as to be subjected to 
vapor-phase cleaning. Then, the temperature is lowered to 600 °C, and 
NH 3 and TMA are supplied so that a buffer layer of A1N having a 
thickness of approximately 500 A is formed. Thereafter, after supply 
of TMA is halted and the temperature of the sapphire substrate is raised to 
1100 °C and is stabilized, TMG and MCp 2 Mg are supplied so that a GaN 
layer in which Mg is doped is grown to 3 ix m. The fabricated substrate 
is annealed at a temperature of 650 °C for 20 minutes in a nitrogen 
atmosphere so that a p-type GaN film having a carrier concentration of 1 
X 10 18 /cm 3 is obtained. When the resistance between two points of the 
sample, which are 2 mm apart from each other, is measured, the resistance 
is 500 kn. 

[0025] On the thus obtained p-type GaN film, an AuMg electrode (Mg 
concentration: 5 % by weight), an AuZn electrode (Zn concentration: 5% 
by weight), an AuGe electrode (Ge concentration: 12 % by weight), an 
AuSi electrode (Si concentration: 10 % by weight), an AuNi electrode (Ni 
concentration: 5 % by weight), and an Au electrode are each grown to 
2000 A by a deposition method. Furthermore, a Si0 2 film is grown to 
1 /imon the samples by a magnetron sputtering method. The sputtering 
is performed under the conditions that Si0 2 is used as a target, the flow 
rate of Ar is 30 seem, the degree of vacuum is 1.6 Pa, and the high 
frequency power is 300 W. Wherein, the "seem' 5 is a unit of the flow rate 



of gas, and 1 seem indicates flow of gas of a weight corresponding to a 
volume of 1 cc at a temperature of 0 °C at an atmospheric pressure of 1 . 
After the samples are subjected to thermal treatment in a nitrogen 
atmosphere at a temperature of 1000 °C for 5 minutes, all of the electrode 
materials become transparent. Figure 2 shows the transmission spectrum 
of the AuMg electrode before and after the thermal treatment. It is found 
that the maximum value of the transmittance before the thermal treatment 
is only 0.2 % at most while the transmittance is raised to 40 % or more by 
the thermal treatment in a region where the wavelength is 400 nm to 750 
nm. When the samples are treated with hydrogen fluoride to remove the 
Si0 2 protection layer and the resistance between two points thereof, which 
are 2 mm apart from each other, is measured, it is confirmed that every 
electrode has a resistance of 50 kH or lower and can function as an 
electrode. The same effects can be obtained when ITO is used instead of 
SiQ 2 . 
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T\ T s c cmj tti^WffMM.'D^rX'. 1 s c cm 

aor, 1 mmx 1 c c of*»£ &&%m&<Dimt>m 
100 o°cx55mmmL-tz.t nom/mmt 
fmxvm®^? v^^r. mmmxi-smgmn 

fcMfifiiirl/MfVO. 2%Lriv£vx75tCxtL-C, mm 
(Cj; 19 400_ nmii^750n m<7 >gf^Sgi&^;ai4-Q. 
%m:tqS]-hl -rv^ £frt>frZ> a Zivh(Dm%&» 40 
ST^iaUXS i 0 2 cOMlH^S^^, 2mm»l 
2 ^Rfl<D®jn£Iij:£Lfc £ i -5, if<DWMXh 5 0k 



#5fi2p7- 3 0 2 7 7 0 
8 

i 0 2 <Dfrfr>Y)\Z I TO§rfflV^-Ctl^c^i^:Sr^r o 
[0 0 2 6] ItiS^iJl 

®mm*v<& ^ ^ &i&v ^mgwij 1 1 mm\c u-c a u 

[0 0 2 7] m&ffl2 
m&mi irlWHUt-UTftfcpSGaNBIt-, M gl Au 
*i^«S#(C^iVe^ 2 0 OA, 2 0 00ASSi 
LT«ffi£ Uhro*>, ^XTCVDffil^ 19 S i 3 N 

4*100 0 A^siLfco fffigmtix : 1 3 3 

/"?X;#/K VSr4°/oStfA r cOflfti; : 2 0 s c c 
m, NH 3 gft* : 2 0 s c c m, gfcgcomS : 3 0 0 
°C, i^Jl^^C— : 1 5 OWtfcofc 3lte#iJl 

[0 0 2 8] HS£#ij3 

mc p 2 m g £j|fAL&v ^ t &b&< ^xam&M ltm 

TMI, TMGRtmH 3 »^In 0 .i Ga 
o. 9 NjjgSr 18 0 0 AjSKUt, ^<D£ 0 \C VX^hiV 
fclnGaNBIICAu, Au — N i , Au-Mgli5 

[0 0 2 9] 

fi, — ^SS;in x Ga y Al a N CcfcU x+y+z 
= 1, Ogxgl, O^y^l, OS z =S 1) 

5 r i: %^-7-»ssitis^^a^ ui nm& 

[ei] ^ym^mzmwm* 
[02] mmmxem®}^? v^Mt^m- 
a 







1 • • •i^^r-rrsfc 




2 • • • nil n x Ga y Al z 


N„ 


3 • • -pIIn^Ga/AU' 


No 


4 • • • nflffi, 




5 • • • ptfe 





